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Abstract. The treatment of refractory or relapsed non-Hodgkin
Ilymphoma (NHL) remains challenging. In this retrospec-
tive study, 88 patients with refractory or relapsed NHL
received treosulfan and fludarabine as a reduced-intensity
conditioning for allogeneic hematopoietic stem cell trans-
plantation (allo-HSCT). Of the 88 intensely pre-treated
patients, 73 experienced a relapse, with 18 of the 88 patients
experiencing an early relapse (ER; <6 months from the last
chemotherapy). At the time of allo-HSCT, 26 patients were
in complete remission (CR) and 43 in partial remission (PR),
12 patients had progressive disease (PD) and 7 had stable
disease (SD). A total of 47 patients received an autologous
graft followed by allo-HSCT. Following allo-HSCT, 69 of the
88 patients were in CR and 7 were in PR, resulting in an overall
response rate of 86.4% (76/88). A total of 33 patients achieved
a CR from PR, as did 6 patients from PD and 5 from SD. Of
the 88 patients, 43 (49%) were alive at the end of the follow-up
period. The patients who directly underwent allo-HSCT
without prior auto-HSCT exhibited a better disease-free
survival (DFS; P=0.038) with a tendency (P=0.077) for a
better overall survival (OS). The patients with ER exhibited
a probability of OS of 0.35+0.12 after 3 and 7 years. Chronic
graft-versus-host disease (cGvVHD) exerted a positive effect
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on OS and DFS (for limited cGvHD vs. no cGvHD, P=0.002
and 0.004, respectively). In conclusion, allogeneic stem cell
transplantation following conditioning with treosufan and
fludarabine constitutes a viable therapeutic option for patients
with refractory or relapsed NHL and should be considered
early during the course of salvage treatment.

Introduction

The treatment of patients with refractory or relapsed aggres-
sive non-Hodgkin lymphoma (NHL) represents a challenge.
In addition to polychemotherapy with regimens such as
R-DHAP (rituximab, dexamethasone, high-dose cytarabine
and cisplatin), R-ICE (rituximab, ifosfamide, carboplatin
and etoposide) or Dexa-BEAM (dexamethasone, carmustine,
etoposide, cytarabine and melphalan), hematopoietic stem
cell transplantation (HSCT) constitutes a therapeutic option.
Autologous and allogeneic HSCT (allo-HSCT) have been
employed in this setting. The most satisfactory results for
autologous HSCT have been obtained in patients with relapsed
but chemosensitive diffuse large B-cell lymphoma (1).
However, the patient characteristics have changed over the
years, as the majority of the patients received antibody-based
immunochemotherapies. Moreover, other aggressive histo-
logical types, such as peripheral T-cell lymphoma, mantle cell
lymphoma and Burkitt lymphoma, generally do not achieve
sustained remissions following autologous HSCT (2,3).
Under these conditions, the patients may benefit from the
graft-versus-lymphoma (GvL) effect following allo-HSCT,
despite target structures still requiring proper definition in
NHL. By contrast, autologous transplantation lacking this
allo-recognition may not be sufficient, particularly for patients
with early relapse (ER) or refractory disease (4). As regards
allo-HSCT, reduced-intensity conditioning (RIC) has been
used for patients with relapsed or refractory NHL, due to the
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fact that these patients are extensively pretreated and may be
older than 60 years (5,6).

The combination of treosulfan and fludarabine as a condi-
tioning regimen has been proven to be feasible and efficient in
several types of malignancies, including acute myeloid leukemia,
myelodysplastic syndrome and multiple myeloma (7-10).
However, despite encouraging data, treosulfan/fludarabine
conditioning preceding allo-HSCT has not been systemically
investigated in patients with relapsed or refractory NHL.

To the best of our knowledge, this study is the first to
present an analysis of 88 patients with refractory or relapsed
aggressive NHL who received this conditioning regimen and
an allo-HSCT at the transplantation units of the University of
Essen, the University of Jena and the University of Rostock.
The efficacy of the treosulfan/fludarabine regimen was
assessed, as was the time to engraftment, acute and chronic
graft-versus-host disease (cGvHD), graft failure, overall
survival (OS) and disease-free survival (DFS).

Patients and methods

Patient characteristics. A total of 88 patients with relapsed
or refractory NHL were treated at the Stem Cell Transplant
Units of the University of Essen (n=45), the University of
Jena (n=10) and the University of Rostock (n=33), between
2001 and 2010. The patient characteristics are summarized
in Table I.

Notably, the treatment of NHL prior to the transplanta-
tion included a mean of 2.5 therapy regimens, with a range
of 1-7 pre-therapies. These therapies included R-CHOP
(rituximab, cyclophosphamide, daunorubicin, vincristin,
prednisolone), R-DHAP, Dexa-BEAM, as well as prior
autologous HSCT in 47 of the 88 patients (53.4%). Of the
88 patients, 73 (83.0%) relapsed, with 18 patients (20.5%)
relapsing within 6 months after the initial treatment. The
remission status was assessed according to the guidelines
of the National Cancer Institute-sponsored International
Working Group (11).

This study was performed in accordance with the
Declaration of Helsinki and was approved by the Institutional
Review Board (University of Rostock, Rostock, Germany). All
the patients signed an informed consent prior to this study.

Conditioning regimen. Treosulfan (Medac GmbH, Hamburg,
Germany) was administered on 3 consecutive days (days 6-4),
at a dose of 14 g/m?, or on 5 consecutive days (days 6-2), at a
dose of 10 g/m?. Fludarabine (Schering AG, Berlin, Germany)
was administered intravenously at a dose of 30 mg/m? on
5 consecutive days (days 6-2), to a total dose of 150 mg/m?.

GVvHD prophylaxis and anti-infective prophylaxis. In case
of matched unrelated donors, but not in the case of matched
related donors, anti-thymocyte globulin was administered at a
dose of 10 mg/kg body weight (BW) (days 4-2). The patients
received cyclosporine A at a dosage of 1.5 mg/kg BW every
12 hours. Full dosage of cyclosporine was maintained for
3 months and tapered thereafter. As an additional immu-
nosuppressant, the patients received either methotrexate or
mycophenolate mofetil (CellCept; F. Hoffmann-La Roche
Ltd., Basel, Switzerland). The patients received a standard
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prophylaxis for viral, bacterial and fungal infections and for
Pneumocystis jirovecii, according to local standards.

Definition of engraftment, GvHD. Leukocyte engraftment
was defined as the first of 3 consecutive days, with an absolute
neutrophil count of >0.5x10%1 neutrophils.

Acute GVHD was evaluated in patients surviving for at
least 30 days and classified according to the modified Seattle
Glucksberg criteria (12). cGVHD was assessed in patients with
a follow-up of at least 100 days post-transplantation and scored
according to the revised Seattle criteria (13).

Statistical analysis. The disease remission status and response
were classified on an intent-to-treat basis. Patients with a survival
or follow-up of at least 60 days after the HSCT were included in
the response analysis. DFS was defined as the time from HSCT
to death or disease progression/relapse. OS was defined as the
time from the HSCT to death or the last follow-up.

The SPSS/PC software package, version 15.0 (SPSS Inc.,
Chicago, IL, USA) was used for processing and statistical
analysis of all data. Descriptive statistics were computed for
continuous and categorical variables. The computed statistics
included mean or median and range of continuous variables,
frequencies and percentages of categorical factors. OS and
DFS were calculated and graphically presented using the
Kaplan-Meier method. Differences between curves were
assessed by the Mantel's log-rank test for censored survival data.

All the P values resulted from two-sided statistical tests
and P<0.05 was considered to indicate a statistically signifi-
cant difference. The calculation of the median follow-up was
based on the time from the HSCT to the last follow-up for
patients who were alive and from the HSCT to June 1, 2010
as reference data for patients who succumbed to the disease.

Results

Sequence of transplantation and hematopoietic reconstitu-
tion. A total of 88 patients with different types of NHL were
included in the analysis of this retrospective study (Table I).
Of these 88 patients, 39 received only an allogeneic graft
and 47 received tandem transplantation with =1 autologous
grafts, followed by allogeneic transplantation preceded by a
conditioning regimen with treosulfan/fludarabine. One of the
patients received treosulfan/fludarabine conditioning prior
to both autologous and allo-HSCT. Two patients received a
second allograft due to graft rejection. Of the 88 patients with
allo-HSCT, 22 received a graft from a matched related donor,
19 received a graft from a mismatched unrelated donor and
the majority (47/88) received a graft from a matched unrelated
donor. Further specification of the mode and sequence of
transplantations is provided in Table II on a patient-per-patient
basis. The mean number of transplanted CD34* HSCs/kg BW
of the recipient was 6.08 (range, 1.15-16.86). Hematopoietic
reconstitution occurred in all but one patient, who experienced
a graft failure. The mean duration of neutropenia was 16.7 days
(range, 8-36 days).

Response to treatment and survival. The results
patient-per-patient are presented in Table II. In general, the
majority of the patients maintained or developed a complete
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Table I. Patient characteristics (n=88).

Variables Values

50 (21-71)
52/36 (59/41)

Median age at HSCT, years (range)
Male/female, n (%)

Earlier therapies

Prior therapy regimens, n (range) 2.5@1-7)
Prior auto-HSCT, n 47
Histology, n (%)
Chronic lymphocytic leukemia 23 (26.1)
Diffuse large B-cell lymphoma 22 (25.0)
Transformed aggressive NHL 11 (12.5)
Mantle cell lymphoma 8(9.1)
Follicular lymphoma 7 (8.0)
High-grade T-NHL 4.(4.5)
Peripheral T-cell lymphoma-NOS 4(4.5)
Immunocytoma 2(23)
Primary mediastinal large B-cell lymphoma 2(2.3)
Anaplastic large-cell lymphoma 2(2.3)
T-cell prolymphocytic leukemia 2(2.3)
Burkitt lymphoma 1(1.1)
Relapsed patients, n (%)
Total relapses 73 (83.0)
Early relapses (<6 months) 18 (20.5)
Remission status directly
prior to HSCT, n (%) 88
CR 26 (29.5)
PR 43 (48.9)
SD 7 (8.0)
PD 12 (13.6)

HSCT, hematopoietic stem cell transplantation; NHL, non-Hodgkin
lymphoma; T-NHL, T-cell non-Hodgkin lymphoma; NOS, not otherwise
specified; CR, complete remission; PR, partial remission; SD, stable disease;
PD, progressive disease.

remission (CR). In 69 of the 88 patients, a CR was observed
post-transplantation, 7 patients achieved or maintained a
partial remission (PR) and 3 patients developed progressive
disease (PD). Prior to allo-HSCT, 69 of the 88 patients (78.4%)
were in CR and PR, but only 29 of these were in CR. Notably,
5 of the 7 patients with stable disease (SD) prior to allo-HSCT
achieved a CR after allo-HSCT. Of the 12 patients with PD
prior to allo-HSCT, 9 achieved a remission (6 CR and 3 PR).
Of note, 1 patient with PD achieved a CR following adminis-
tration of a donor lymphocyte infusion. Seven patients died
within 60 days of the transplant and were therefore not evalu-
able for response to treatment (Table III).

The patients who directly underwent allo-HSCT without
preceding auto-HSCT had an OS probability of 0.58+0.08
after 3 years and 0.44+0.11 after 7 years (Fig. 1A). For these
patients, the probability of DFS was 0.56+0.08 after 3 years and
0.27+0.11 after 7 years (Fig. 1B). For the patients who received
allo-HSCT following an autologous graft, the OS probability
was 0.42+0.08 after 3 years. After 7 years, 0.27+0.10 of these
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patients remained alive (Fig. 1A) and the probability of DFS
was 0.32+0.08 after 3 years (Fig. 1B). The difference in the
DFS in favor of the patients who directly received an alloge-
neic graft was significant (P=0.038), with a similar tendency
for OS (P=0.077).

Of the 88 patients, 45 succumbed to the disease. Of these
45 patients, 14 died due to progression or relapse of the underlying
disease, 4 experienced progression following transplantation
and 3 developed infectious complications. A total of 26 patients
succumbed to transplantation-associated complications, 22 of
whom developed infectious complications, followed by sepsis
and multi-organ failure. Four patients died from acute GvHD.
Five patients died while in CR, 3 of which during long-term
follow-up, due to disease- or treatment-independent reasons:
1 patient died from intracranial bleeding on day +273; 1 patient
developed non-small-cell lung cancer and died on day +2,005
following transplantation; 1 patient died on day +1,934 due to a
cardiac arrest, despite cardiopulmonary resuscitation; 1 patient
died on day +68 due to heart failure; and 1 patient died due to
renal failure on day +82.

Relapse. Patients with ER, i.e., relapse within 6 months
following the completion of chemotherapy, had a worse
outcome compared with patients who exhibited a later relapse.
Notably, there was no significant difference in the probability
of OS (P=0.423). After 3 and 7 years, 0.51+0.07 and 0.40+0.09
of the relapsed patients, respectively, remained alive. The
probability of OS of the patients who relapsed within the first
6 months was 0.35+0.12 after 3 and 7 years (Fig. 1C).

The difference in the DFS displayed a tendency in favor of
patients with late relapse (P=0.089). The probability of DFS
was 0.48+0.07 and 0.26+0.10 after 3 and 7 years, respectively,
for those patients. Patients with ER had a probability of DFS
of 0.19+0.10 after 3 years (Fig. 1D).

GvHD. Of the 88 patients included in this analysis, 52 patients
experienced acute GvHD. Fifteen patients developed acute
GVvHD grade I, 17 patients grade II, 14 patients grade III and
6 patients grade IV. Table IV specifies the organ manifesta-
tions of acute GVHD. GvHD of the gut was not histologically
proven. Fig. 2A shows the OS of patients with acute GvHD.
Patients with grade IV acute GVHD succumbed to the disease
within the first 15 months. The probability of OS for patients
without acute GVHD reached an early plateau: 0.42+0.09 after
3 and 7 years. Patients with grade I-III acute GvHD had a
probability of OS of 0.62+0.07 after 3 years and 0.26+0.13
after 7 years. The difference between grade IV acute GVHD
vs. no GvHD and grade I-IIT acute GVHD was highly signifi-
cant (P=0.029 and P=0.002, respectively). Similar results were
observed for the probability of DFS (Fig. 2B). After 3 years
0.53+0.08 of the patients with grade I-III acute GVHD were
disease-free. The patients that did not develop acute GvHD
had a probability of DFS of 0.39+0.09 and 0.33+0.09 after
3 and 7 years, respectively.

The occurrence of cGVHD correlated with the survival of
the NHL patients included in this study. A total of 35 patients
developed cGvHD, 13 of whom developed extensive and
22 patients limited disease, mainly involving the skin
and mucosae. Fig. 2C shows a better OS in patients with
cGVHD. The probability of OS of patients with limited and
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Figure 1. A total of 88 patients with relapsed or refractory non-Hodgkin lymphoma underwent conditioning with treosulfan and fludarabine. (A) Differences in
the overall survival (OS) and (B) differences in the disease-free survival (DFS) between patients who received allogeneic hematopoietic stem cell transplanta-
tion (allo-HSCT) with a preceding autologous HSCT and those who directly received allo-HSCT. Prior to the transplantation, 73 of these patients experienced
an early or late relapse (<6 or =6 months from the last chemotherapy, respectively). Differences in the (C) OS and (D) DFS, respectively, between the patient
groups with early and late relapse.
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Figure 2. A total of 52 of the 88 transplanted patients with refractory or relapsed non-Hodgkin lymphoma experienced an acute graft-versus-host dis-
ease (GVHD). (A) Overall survival (OS) and (B) disease-free survival (DES) for the different grades of GVHD. A significant survival benefit was observed for
grade I-IIT vs. grade IV. A total of 35 patients developed a chronic GvHD. (C) OS and (D) DFS for patients with limited, extensive or no GVHD. A significant
survival benefit was observed for those with no vs. those with limited disease.



780

Table III. Summary of results after allo-HSCT.

Outcome Patient no.
Response to treatment (n=88)
CR 69
PR 7
PD* 3
SD 2
NE® 7
Causes of death (n=45)
Disease progression 4
Disease progression and
infectious complications 3
Infection, sepsis, MOF
without progression 22
GvHD 4
Relapse 7

Other causes of death
Intracranial bleeding
NSCLC
AV III°, CPR
Heart failure

1 (d +273 in CR)

1 (d +2,005 in CR)
1(d +1,943 in CR)
1 (d +68 in CR)

Renal failure 1 (d +82 in CR)

*One patient developed a CR following a donor lymphocyte infusion; "not
evaluable due to early death before day 60. Allo-HSCT, allogeneic hematopoi-
etic stem cell transplantation; CR, complete remission; PR, partial remission;
PD, progressive disease; SD, stable disease; MOF, multi-organ failure; GVHD,
graft-versus-host disease; NSCLC, non-small-cell lung cancer; AV III°, atrio-
ventricular block; CPR, cardiopulmonary resuscitation; d, day.

Table IV. Acute GVHD (n=52).

Grade Skin Gut Liver Overall assessment
I 9 12 4 15
1I 20 6 4 17
1 14 2 14
v 1 5 3 6
All 44 29 13 52

GvVHD, graft-versus-host disease.

no cGvHD was 0.78+0.09 and 0.37+0.08, respectively, after
3 years. After 7 years, the probability of OS was 0.54+0.16
for patients with limited GVHD and 0.26+0.09 for patients
without cGVHD. The patients with extensive cGVHD reached
a plateau early, so that the probability of OS was 0.48+0.15
after 3 and 7 years. There was a highly significant difference
between limited and no cGvHD (P=0.002) and a tendency
for a better OS in patients with limited or no vs. extensive
GvHD (P=0.113 or 0.211, respectively). These effects are also
shown in Fig. 2D that demonstrates the time of DFS. After
3 years, 0.74+0.09 of the patients with limited cGvHD were
disease-free. The data of patients with limited cGVHD were
highly significant when compared with those of patients with
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no cGvHD (P=0.004), whereas limited vs. extensive cGVHD
showed a tendency for improved survival (P=0.056). The
probability of DFS was 0.30+0.07 after 3 years and 0.12+0.10
after 7 years for patients that did not develop cGvHD. After
3 years, the probability of OS was 0.38+0.15 for patients with
extensive chronic CGVHD.

Discussion

The treatment of patients with refractory or relapsed NHL
remains challenging, as only few salvage chemotherapy proto-
cols are currently available. El Gnaoui et al (14) reported the
outcome of 46 patients treated with a salvage therapy containing
rituximab, gemcitabine and oxaliplatine. The overall response
rate was 83% and the 2-year event-free survival (EFS) and
OS were 43 and 65% respectively (14). The majority of these
patients had chemotherapy-sensitive disease and a remis-
sion of =1 year; however, only 57% had received rituximab
prior to salvage therapy (14). In a recently published study,
Gisselbrecht et al (4) established the International Prognostic
Index, the duration of remission (<12 vs. >12 months) and the
pre-treatment with rituximab as risk factors for the outcome
following autologous HSCT. In that study, 396 patients were
randomly assigned to receive either R-ICE or R-DHAP as
induction therapy, following high-dose BEAM and autolo-
gous HSCT. With regard to the response rate, there was no
difference in the 3-year OS (49%) and the 3-year EFS (31%)
between the treatment protocols. Martin et al (15) described
a significantly worse relapse rate (RR), OS and progres-
sion-free survival (PFS) in patients with relapsed NHL after
rituximab-containing first-line therapy. Since the majority of
patients currently receive a rituximab-based therapy, this is
of particular interest, as the group of rituximab-naive patients
experiencing a relapse of high-grade lymphoma may constitute
a minority in the future.

In contrast to autologous HSCT, allo-HSCT constitutes
the only curative therapy option for patients with aggressive
NHL (16-18), mainly due to the GvL effect. The use of RIC
extended the option of allo-HSCT to elderly patients and
patients who had previously received high-dose chemotherapy
and autologous HSCT (19-22). Several studies demonstrated a
more potent GvL effect after RIC rather than after myeloabla-
tive condition regimens (23-26). This may be due to the lower
toxicity towards T cells, which are mainly responsible for the
GvL effect.

Treosulfan as an alkylating agent has exhibited limited
organ toxicities, even when administered at the maximum
dose of 47 g/m? (27,28). Compared to its prodrug, busulfan,
treosulfan may be less toxic, particularly for the skin, mucosae,
liver, kidney and heart, which are the organ systems usually
targeted in transplantation-associated mortality (TAM)
following conventional conditioning. Fludarabine, a nucleo-
side analogue which has already been included in a variety
of RIC regimens, is characterized by its effectiveness against
lymphoid diseases and its favorable toxicity profile (29-31).
Therefore, we employed the reduced-intensity regimen with
treosulfan and fludarabine in 88 patients with relapsed or
refractory lymphoma.

In our present study, for patients who received autologous
and allo-HSCT, the OS and the DFS were inferior compared
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to those in patients who only underwent allo-HSCT (Fig. 1A
and B). This may be due to the fact that patients with more
agressive NHLs achieved a PR only after salvage chemo-
therapy and were first subjected to autologous HSCT
for further reduction of the tumor burden. Furthermore,
autologous HSCT preceding the allograft may have caused
organ toxicities without eradicating the aggressive disease.
Therefore, provided that the patient is eligible, allo-HSCT
should be considered and performed early during the course of
the disease. We demonstrated that GVHD, in particular limited
c¢GVHD, improved the patient outcome (Fig. 2). However, we
did not observe a difference in the outcome of patients with
early or late disease relapse (Fig. 1C and D). This finding
may indicate that allo-HSCT should be considered even for
patients with ER, particulary if they have responded to salvage
chemotherapy. Of the 88 patients, 26 (29.5%) succumbed to
GvHD and/or infectious complications, i.e., TAM was within
the expected range.

A previous study by Hamadani et al (6) was conducted on
a cohort of 46 patients with relapsed chemorefractory aggres-
sive NHL. In contrast to our cohort, those patients were treated
with a myeloablative regimen (84% of the patients received
busulfan and cyclophosphamide). The median follow-up was
5 years. The 5-year OS, PFS and RR were 38, 34 and 35%,
respectively. The data of our cohort demonstrated an OS and a
DEFS of 43 and 37%, respectively. The rate of acute and chronic
GvHD was 43 and 75% in the study by Hamadani et al (6)
vs. 59 and 40% in our study.

The Lymphoma Working Party of the European Bone
Marrow Transplantation Association reported the outcome
of 188 lymphoma patients who underwent allo-HSCT after
RIC. Twenty-one of these patients had chemotherapy-resistant
disease. The sensitivity to chemotherapy was the most
important factor in PFS (32). In addition, a previous study by
Bishop et al (5) demonstrated the correlation of pre-transplan-
tation and early post-transplantation response assessment with
the outcome after RIC allo-HSCT for NHL. Fig. 1C and D
demonstrates that there was no significant difference in our
study between patients who relapsed within the first 6 months
and those who relapsed at any time. This may be due to the fact
that there were fewer patients with ER (Table I). In the present
study we also observed that patients with good sensitivity to
chemotherapy (70/88) exhibited a better survival compared to
patients without response to chemotherapy (Table II).

Our findings suggest that RIC with treosulfan/fludarabine
and allo-HSCT is feasible and effective in NHL patients, even
those with ER and at the stage of SD or PD. The reduction
of the tumor load to a minimum appears to be crucial. The
occurrence of GVHD is favourable for the outcome of the
patients, suggesting a potent GvL effect. This therapeutic
option should therefore be considered early during the course
of the disease and integrated into the long-run concept of
lymphoma therapy.
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